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enzyme found only in liver cells, and a cofactor, tetrahydrobiopterin. In PKU, because of mutation of the relevant gene, phenylalanine 4-hydroxylase is absent or inactive and, in consequence, phenylalanine accumulates in the blood and tissues. The phenylalanine in the body fluids and tissues competes with other amino acids for entry into the neurons, reducing the rates of synthesis of enzymes, other proteins and neurohormones (synaptic transmitters). The phenylalanine may also inhibit key enzymes in the neurons. The more important clinical features of PKU are mental retardation, usually severe or profound (median intelligence quotient (IQ)<20), abnormalities of the electroencephalogram (EEG) (in 90+j570), behavioural disorders and, in 2570, epilepsy (Bickel, Hudson & Woolf, 1971; &ox, 1972) . The brain is small with a marked deficiency of myelin (Crome, Tymms & Woolf, 1962) . Of all the organs in the body, only the brain seems sensitive to the toxic action of phenylalanine (except in the foetus in maternal PKU).
In 1949 it was suggested that a diet low in phenylalanine might prevent or ameliorate the mental retardation and other consequences of PKU, and ways to prepare such a diet were put forward (Woolf & Vulliamy, 1951; Bickel, Gerrard & Hickmans, 1953; Armstrong & Tyler, 1955; Woolf, Griffiths & Moncrieff, 1955) . The procedure used for many years was to replace dietary protein with a protein hydrolysate which had been passed through charcoal to remove phenylalanine. Tyrosine, tryptophan, methionine and just enough natural protein to supply the phenylalanine needed for growth were added. Since the diet was virtually entirely synthetic, a complete vitamin and mineral supplement, polyunsaturated fats and carbohydrates were added in appropriate amounts. Several companies have now produced dry powders containing all or most of the ingredients except the natural protein.
In the last 25 years several hundred, perhaps 1000, children with PKU have been treated with a low-phenylalanine diet and the effects can be assessed. If started late, after the occurrence of some brain damage as shown by, e.g. mental retardation, there is usually marked improvement in behaviour, in the EEG, in the frequency of epileptic seizures and, depending on the duration of exposure to phenylalanine and the extent of retardation, often a slow rise in the IQ (Woolf, Griffiths, Moncrieff, Coates & Dillistone, 1958; Coates, 1961; Bruhl, 1966; Baumeister, 1967; Bickel, 1967; Fischler, 1971) . However the most satisfactory results have come where treatment was started in the first few weeks of life. The 145 infants in the Collaborative PKU Study in the USA comprise the largest and best-studied group; great precautions were taken to exclude phenylalaninaemia variants and other factors that might distort the results (Koch, Dobson, Blaskovics, Williamson, Ernest, Friedman & Parker, 1973) . The mean IQ is IOO (SD 12), i.e. completely normal both in mean and variance. However, the unaffected siblings of the PKU patients have a mean IQ of 108, which is significantly higher. None of the 145 shows any signs of neurological disease and all are growing normally. Hence the low-phenylalanine diet is achieving the results hoped for and the intoxication hypothesis on which the diet is based appears to be sound.
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The content of phenylalanine, an essential amino acid, in the diet given to these infants would be grossly inadequate for a normal infant who irreyersibly oxidizes phenylalanine by means of phenylalanine 4-hydroxylase. PKU cad be regarded as an amino acid imbalance: the phenylketonuric patient has enzymes adapted to deal with 'protein' of very much lower phenylalanine content, relative to the other amino acids, than that of ordinary dietary proteins.
The success of the dietary treatment of phenylketonuria has led to the use of similar restrictive diets in treating other inborn errors of amino acid metabolism. Dietary restriction, generally of specific amino acids, has been successful in the treatment of leucinosis (maple-syrup trine disease), valinaemia, isovaleric acidaemia, P-methyl-crotonylglycinuria, propionic acidaemia (one type of ketotic hyperglycinaemia), an isoleucine-related ty+ of ketotic hyperglycinaemia, D-and L-methylmalonic acidaemias, non-ketotic hyperglycinaemia, hyperprolinaemia, citrullinaemia, argininosuccinic aciduria, hyperammonaemia types I and 11, hyperargininaemia, homocystinuria, histidinaemia, cystinosis, hyperlysinaemia, saccharopinuria and ornithinaemia.
Leucinosis (maple-syrup urine disease) was the first of these disorders, after A patient with a milder variant of leucinosis, with some residual enzymic activity and much ldss severe clinical features, was found to respond well to massive doses of thiamin, up to 20 mg/d, which partially corrected the biochemical error (Scriver, Mackenzie, Clow & Delvin, 1971) . Similar use of pharmacological doses of vitamins as the treatment of inborn errors of metabolism are the use of pyridoxine in infantile spasms caused by deficiency of glutamate decarboxylase (EC 4. I. I .IS), in xanthurenic aciduria and in about 50% of cases of homocystinuria, and biotin in tiglylglycinuria and in one form of propionic acidaemia.
There are other inborn errors of metabolism or transport of the vitamins themselves, e.g. an enzyme which normally converts a vitamin to a cofactor for another enzyme may be defective, leading to clinical disease which may resemble a vitamin deficiency or may mimic an inborn error of, e.g., amino acid metabolism.
The metabolism of vitamin B,, and of folic acid provide examples. There are four known inborn defects of vitamin B,, transport (three leading to megaloblastic anaemia) and two of hydroxocobalamin intermediary metabolim (Rosenberg & Mahoney, 1973) . One of the latter two leads to decreased synthesis of 5'-deoxyadenosylcobalamin and manifests itself as a severe, often fatal, form of methylmalonic aciduria (s'deoxyadenosylcobalamin is the cofactor for L-'976 methylmalonyl-CoA mutase; EC 5.4.99.2); it responds to 500-100 pg vitamin B,, daily. The other inborn error leads to decreased conversion of vitamin BI2 to both ~'deoxyadenosylcobalamin and methylcobalamin, the cofactor for the enzyme methyltetrahydrofolate methyltransferase which converts homocysteine to methionine; the clinical and biochemical features are those of methylmalonic acidaemia combined with an unusual type of homocystinuria.
There are five known inborn errors of folic acid metabolism (Luhby, Eagle, Roth & Cooperman, 1961; Walters, 1967; Arakawa, 1970; Mudd, Uhlendorf, Freeman, Finkelstein & Shih, 1972) . Two of these respond to large doses of folic acid (10-20 mg orally/d) and one responds to parented 5-formyltetrahydrofolic acid (100 pg/d) but not to folic acid. Mental retardation, neurological disease and 'reversible schizophrenia' are prominent features of these conditions, one of which leads to yet another form of homocystinuria (for lack of methyltetrahydrofolic acid); only three involve megaloblastic anaemia.
The dramatic results achieved by dietary treatment of several inborn errors of metabolism, in which the physical and intellectual status of the patients were! greatly improved, tended to concentrate attention on these aspects. However, a special diet may well affect the quality of family life: our food plays a more important part in daily living than merely supplying amino acids, carbohydrates, fats, vitamins and minerals. This aspect has been studied only in PKU. McBean (1971) found that out of fifty-nine families with phenylketonuric children on dietary treatment, twenty-five had serious family problems. There is other evidence of the stress caused by giving the low-phenylalanine diet (Solomons, Keleske & Opitz, 1966; Hudson, 1971; Partington, 1971; Woolf, 1973) . Several recent commercial preparations based on mixtures of pure amino acids may reduce this stress by permitting a more nearly natural diet. Further sociological and psychiatric investigation is necessary.
Dietary treatment of, e.g., galactosaemia can be lifelong with only minor inconveniences after infancy. However, it has proved very difficult to keep children an a low-phenylalanine diet after they reach school age. Reports of the effects of terminating dietary treatment of PKU range from a slow intellectual deterioration Over a few years (Murphy, 1963 (Murphy, , 1969 to no detectable effect (Hudson & Hawcroft, 1973) . The collaborative PKU study in the USA has started investigating the problem. Successfully treated phenylketonuric girls who, later in life, become pregnant may require re-institution of the low-phenylalanine diet diving pregnancy: there is widespread damage to the foetus by high levels of phenylalanine in the maternal blood (Fisch & Anderson, 1971; Howell & Stevenson, I 971). Re-instituting the low-phenylalanine diet often presents psychological and other problems, but it has been accomplished in some cases (Allan & Brown, 1968; Arthur & Hulme, 1970) .
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